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Abstract
We present the evidence that (−1) F L is a nonperturbative symmetry of Type II string theory. We argue that (−1) F L is a symmetry of string theory as much as the SL(2, Z) of the Type II string is and how the branes are mapped under the (−1) F L modding. NS branes are mapped into the NS branes with the same world volume dimensions but with the different chiral structure. Supersymmetric Dpbranes (bound with anti-Dp branes) are mapped to unstable nonsupersymmetric Dp-branes, which has D(p−1)-branes as kink solutions according to Horava [1] .
In duality of string theory, it is known that S-duality and orbifolding do not always commute [2, 3] . One example is the relation between the worldsheet orientation reversal Ω from that obtaining the twisted sectors of the orbifold [6] . A related fact is that we obtain the other half of the gravitini with different chirality in the twisted sector in (−1)
while the half of the gravitini are projected out by the presence of the D-branes in Type I theory.
The recent paper by Hull and the subsequent papers [4, 5] shed some light on this puzzle.
He gives some evidence for the existence of NS-9 branes and argues that we can obtain SO(32) heterotic string if we consider the Type IIB modded by (−1) F L in the background of 32 NS-9 branes. Since this is the string theory in the background of non-perturbative states and we do not have the sufficient understanding of the conformal field theory of NS branes, we cannot immediately prove or rule out this claim. Also the existence of NS-9 branes are still problematic, since there are no charges of the perturbative Type II string to couple to NS-9 branes. But some of the arguments are plausible, at least if we assume the existence of NS-9 branes. In analogy with the Type I theory as a string theory with the nonperturbative background, we can imagine that we should not introduce the twisted sector as in the orbifold case. Also the presence of the NS-9 brane breaks the half of the supersymmetry if the NS-9 branes is a supersymmetric object forming a SL(2, Z) doublet with D-9 brane. In his paper [4] , Hull raises one interesting issue. He claims that (−1) branes? The purpose of this paper is to show some affirmative evidences for this question.
In theory describing the NS-5 brane has the different GSO projection in NSR formalism, which leads to different chiral structure. This is true of the conformal field theory describing the near horizon geometry of NS-5 brane in Type II theory [8, 9] . The worldsheet fermions of the conformal field theory are free and different GSO projections for left-moving and rightmoving fermions lead to the different chiral structure of Type IIA and Type IIB NS-5 branes in the near horizon limit. Same thing happens for the NS-1 brane, i.e., the fundamental string and we expect the similar for NS-9 branes.
Now we turn into D-branes of Type II string theory. If we consider a D-p brane whose
worldvolume spans x 0 , x 1 , · · · , x p , the suitable boundary condition at the worldsheet for the bosonic coordinates are given by
where ∂ n is the derivative normal to the boundary of the worldsheet. This should be supplemented by a suitable boundary condition for the fermionic coordinates. Since the boundary condition (1) of unstable Type IIA D9-branes. However at this point we note that its not natural to study the action of (−1) F L on a single D9 brane as under this operation it will naturally transform to anti-D9 brane. Therefore we will study the action of (−1) F L on the GSO invariant boundary state and from there create brane configurations which are invariant under this operation. Thus we will show that a Type IIB D9 brane-anti D9 brane is mapped to the Type IIA D9 brane. From here we can recover all stable D-brane configurations in the type IIA theory. To start, we represent a D9-brane as a boundary state using open-closed string duality [10] . Since the boundary state is made up of the closed string perturbative states, we can easily figure out how (−1) F L acts on the boundary state.
The boundary state corresponding to D9-brane in the light cone gauge following the convention of [11] is given by,
where η = ±, n is an integer and r is a half-integer for NSNS sector and an integer for RR sector. The oscillator without tilde represents the right mover and the one with tilde represents the left mover. |B, η > (0) denotes the Fock vacuum with zero momentum state.
This specifies the unique state for NSNS sector. RR sector is more subtle due to the fermionic zero modes, which we will discuss shortly. The boundary state is invariant under the type
where ( 
The GSO invariant configuration is
The GSO operation (−1) F and (−1)F act on the left and right Ramond ground state as
respectively where ψ 
We choose the relative normalization between |B, + > and |B, − > by setting
¿From this and the anticommuation relation {ψ 
and
Thus the GSO invariant state is given by
Note that the sign of (−1) F in (5) and (10) [12] . Thus in the untwisted sector only NSNS part survives. The twisted boundary condition is the same for NSNS sector, but the GSO projection for the RR sector is changed into 1 4 (1 + (−1) F )(1 − (−1)F ).
By construction, the sign of (−1) F is the same as that of (−1)F for |B+ > RR and |B− > RR .
Thus no linear combination of these survive the GSO projection in the twisted sector. 
